Abstract. The phase transitions of a single polyelectrolyte chain in a poor solvent with divalent and trivalent counterions are studied. We identify the counterion condensation as a continuous transition and the extended-collapsed transition as a first order phase transition.
INTRODUCTION
Polyelectrolytes are polymers which release counterions into a polar solvent, making the polymer backbone charged [1] . Examples of polyelectrolytes include DNA, RNA and proteins.
In a recent study [2] , we verified the theoretical prediction [3] that the extended-collapsed transition of a polyelectrolyte chain, mediated by monovalent counterions, is a first-order transition. It was also shown that the counterion condensation [4, 5] is a second-order phase transition. In this paper, we study, using molecular dynamics simulation, the phase transitions of a single polyelectrolyte chain mediated by divalent and trivalent counterions.
MODEL AND SIMULATION METHOD
We model the polyelectrolyte chain as spherical beads (monomers) connected through springs where each monomer carries a charge qe  . Counterions are modeled as spherical beads, each carrying a charge  .
We use the particle-particle/particle-mesh (PPPM) technique to evaluate the energy and forces due to the long range Coulomb interactions.
RESULTS AND DISCUSSION
In our simulations, we tune To study the extended-collapsed transition of the chain, we calculate the asphericity Y of the chain. 
CONCLUSION
Using molecular dynamics simulations, we studied the phase transitions in a single polyelectrolyte chain in poor solvent conditions with multivalent counterions. We showed that the effect of valency was to make the transitions to occur at a lower value of the dimensionless ratio A , while maintaining the transition order to be the same.
